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INTRODDCTION , 



* ^ The Local Ecology Project will Involve over three hundred 

teaqjhers during the 1977-78 acaidemic year in. a consideration of/ 

local ecology as a means of increasing a^ibject matter prof iciency 

and as a model for involving students in such study A malor 

* / 
component of the program wil^ be sharing information collected ' 

: ' * I . . I 

through common monitoring devises and. prdceduree/ This/will 
'.provide broader understanding, based upon a statewide ^a^ple as 
opposed to observation and interpretation o|. a singl4 class 
effort in one local situation. TJhe program is designed to* 

" ^ ' / 

provide an impact upon curriculum offerings, teaching strategies, 

* • • '/ ' 

and solutions -to common environmental educational problems in 

schools* 



Project Objectives . 



Specifically, the major objectives include the following: 

I / / , 

a* to participate in a /statewide effort fot moni- 
toring and interpreting variations ^nd seasonal 
changes in local ecology • - / 

' b* to work cooperatively with other teachers In 
involving student grmips in active projects 
for monitoring local etiological conditions. 

^ c. to acquire skills In aquatic sample ^collec- 
*tion^and analysis* 



d. to interpret the d&ta and thereby 
the dependence! of life ^in an ecoa 
physical atid chemjlcal parafeeters J (character- 
istics) of that syjtem,* ' [ 



discover 
yste^, on the 
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to .aMlat teachers with collecting and organising 
Information peculiar to Iowa and Iowa jLocalltles 
In the area of ecology. ' ^ • 

to prepare a specific response to Public Lav ^ 
257.25, Sections 3 and 4, v^lch requires teachers 
to Include the study of the local envlronaent 
as a part of science ^Instruction* 

to develop a plan for continuing a atatevlde 
progiTU for studying local ecplogy and cosparr 
^ing the data from the fifteen, geojgrapl^lc areas 
of the State* " ) ^ 

to formalise contacts .vlth officials In the 
State involved with local and state programs 
for ecological monitoring (Soil Conservation, 
Department of Environmental Quality, State 
Hygienic Monitoring, lowa^River Project, etc*), 




.STAFF -TEAM 



Projecy Director y Robert E, Yager, University of Iowa 

J/ / Director of Instruction h Daniel S. Sheldon, University of Iowa 

Field Coordinator 

Project Secretary Patt;y Goeder^^ 356 Physics .Building, ' 

UniversjLty of Iowa 



Instructional Teams 



A.E.A. 



I- 2-7 David Rosfien, Luther College, Decor ah * 

Joe Moore, A.E.A. 1, Blkader 

5-6-10 Paul Christiansen, Cornell College, 

/ ^ • . Mount Vernon ^ • 

Gary Downs, Iowa State University, Ames' 

■ . ^ - i - 

3 * Robert Boes, Iowa Lakes Comm. College, ' 

Enmetsburg 

I ' Ronald Bonnstetter, Iowa Lakes Comm. 

, - College*, Estherville 

.4 - Virgil Muilcnberg, Northwestern College, 

Orange City 

II- 13-14 ' ' Robert VandenBranden, Drake' University, 

Des Moines 

Paul Joslin,. Drake University, Des Moinea \^ 
- - ^ , , ; ^ ^ 

12 Joyce Peterson, Sioux City ^ 

9-15-16 ' George Magrane, A.E.A. 1$, ^Ottumwa 

Charl-ea Philp, A.E.A. 9, Davenport ^ 

The following teachers froB A.E.A. 4 have tested and provided valuable 
suggestions in describing the p^tameters included in this syllabus. « 

- Peter Aberson * . William Kehrberg ^ 

Floyd Valley Comm. School * Sheldon Comm. School ' > 

Harvey Bauman^ James Ludrens 

Sheldon Comm. School ^ Maurice-Orange City School 

Willard Boscaljon^ • / David Ma tuska 

Sanborn .Comm. School , Sheldon C^un. . School 

Loren Carlson ' Saiidra S^iult^ 

Paullina Conn. School- Melvin Comm. School^ 

Jerry Ferrell » ' Arlen Smlt ^ 

Maurlcs^ranga City School MAurice-»Oranga City 3choojL 

Stan Gaalawyk Gr Henry Veldhuis 

Sibley CoiOn. School Sheldon Cqinm. School 

Donald Harson Jerry Wiekamp 

H^irtley Comm. School^ - Sioux Center Comm. School 

•Neil Johnson ' ' ^ 



^ /raullina Comm. School 
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' SAMPLING SITE SELECT lOti - 

. - . — / . • 

The sampling site C^) should be a river or stream which 
contains water thtoughout^ the year. , The specific location 
should be a pool rather than a zone of rapid flow (riffle) * 
to' provide a mud bottom and a moderate rate of flow« Consid--^ * 
eratioti should be g'iven to Ideation of the sampling site in 
relation to possible pollution sourcesL It ma}^ Ve desirable 
to locate sites above and* below such sources. / 

Because numerous trips will \>e made to \the site and class 
period time restrictions may be a facur* distance sHould be " 

• ■• \\ • - ^ : f 

carefully considered When selecting a sampling site« Very 
often bridges over streams off^i^ accessibility and desirable 
sampling sites* ^ . _ 

Caution should also be exercised when^d^etern^dlng/the 
number of sites for sampling. Because of the repetitive nature 
of the samplingy a larg^ number of sitei|^ could become a burden 
if sufficient student power is nbt available. 

The instructor should make every effort ^to Choose sites 
which are safe for student investigators* There should be room 
on. the bank for Qiaklng oi^ site water quality determinations.^ ^ 

Sites with deep holes or dropoffs should be avoided. More 

♦ " «. - - ^ , * 

desirable sites will be those which ^re not used by the public 
for recrefihtion. 



If a river or stream is not available, a drainage ditch . 

.* * ' ' ' 

. may be acceptable. Also, lakes, ponds, and' quarry ponds make 
* ' ^ . • 

suitable alternatives. In addition, the s t and in^^ water habi- ^ ' 
tat is interesting to compare with the moving water habitat. 
^In larger bodies of water a boat will be necessary to adequate!^' 
sample, although sampling from a dock may be a desirable sub- 
stitute if one ia available, 
ft.* 

VtellB. also furnish water whose quality is important fot 
. their users and might be of interest to student investigators. 
Chemical tests are of significance and examination for colifonn 
bacteria is also important. However, because testing for coli- 
form bacteria is expensive and techitieally demanding, it has not 
b^en conBidered as a water quality criterion for this study. 

Frequency of Sampling ^ / 

^ * It Is strongly suggested that samples be taken periodical!^ 

• . - • • 

'throughout the- yea5^^.^^^Por instance, the chemical and physical 

parameters mig^ be obtained every other week, whereas the^ 

biplogical diversity ind^x might > be taken in the' fall, winter,^ 

early spring, late spring, and summer A 



\ 
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I. PHYSICAL CHARACTERISTICS' 



TEMPERATURE ^ j . . 

- Temperature plays an important -role In detemining the 
spedies of organispaj which can live in a particular body of 
water. It is also important because of t}ie effe^f of the;^ 

dissolved oxygen coritent of the water. 

- I 

Stream Test < ^ 

^ The Celsius water temperature should be determined at 
each testing site on each testing date. The temperature 
should be taken an arm's length f^rom the shore, at a. depth 
of at ledst 15 'cm. to avoid measuring solar hfeated surface 
water After allowing the the/raotneter to stabilize in the 
wafer for at least one^minute, i? should .be' read while in : 
the water to prevent cooling by evaporation. Readings shQuld 
be recorded to the nearest degree. , » 
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Pond Test " _ ' " 

Thermoclines may develop in^4eep water' during warm summer 

i 

months. A therraocline is a layer of abrupt temperature change 
separating warm, less dense surface water^ from cold, more 
' dense,, deep water. "^Because of this, a bottom temperature 
reading may be useful. If the bottom temperature is signifi- 
cantly different, from tie Cop temperature, temperatures may be 
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taken at intermediate depths to determine the depth of the 

themocline. These readings may be t ake^ by lowering a dis- 

. i 

'solved oxygen s ampler" to ~the~bot torn ojr depth-deaired,- filling- 
it, and then takir^ the temperature of 
soon as it is i)rought to the surface* 



f the water sample as 



•Equipment ' ^ ' 

Most schools will- have a Celsius (centigrade) thermometer 
available, but if you need to purchase one, they are availably 



from- any science supply company for 



approximately three dollars* 



Other, devices such as a fisherman's thermometer or a specj.^lly 
designed water testing thermometer could also be tised if they 
are available, but 'the greatly increased cost cbtapared to the 



small increase In accuracy and ' conjenience may not justify the 
pyrchase of such equipment. I v 



r 



B. TRANSPARENCY '^Tufbidity) 



) 



ThV water tranaparency determines Che depth of light 
penetration and gives an indication of the amount of suspended 

matter in the water. Transparency Is measured^ with a Secchi 

( i 

disc, a round metal disc 20 cn^*. ^n diameter, Vith an attached 

J ; 

rope or chain calibrated in metric units. The top of the disc 



is painted black and white in alternating quarters. 

Test Procedures 

To obtain a Secchi disc reading, lower the disc into the 
water, in *the shade, if available, until It Just disappears. 
The depth of the disc is read at the water surface using 
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calibrations on the rope or chain- Loweri the disc a few centi- 

N . - « • - 

meters and thea raise it until it just reappears. Read the. 

T-depth at tHe water surfa ce agaj.n and average the two depth 

readings.. This average ts the Secchi disc reading. Several 

I 

' students could do the test independently and average their 

readings to give a more accurate result'j If the Secchi disc 

.reading is low (a few centimeters) ♦ ^ the {water contains much 

suspended mater. If-, on the other hand; the reading Is high 
* » I . 

* * . I * . 

(several meters), the water is quite clear and relatively fresse 

, • • ,( 

of suspended matter « , ^ I 

> • ^ I 
Equipment , j 

Secchi discs -may be purchased frojn many scientific supply 

houses. Prices of the discs range from twelve to fifteen dollars 

A Secchi disc can be made for approximately $1.50. The critical 

points in the construction are the diameter, which must, be 20 cm, 

and the paint, which must be water resistant . Construct the 

. disc as shown in figi^res l^nd 2^ | 

Salvage yards may have available discs* of the above dimen-^ 

slon; however, if one of the- exact diameter is not availj^ble, 

a smaller diameter disc may suffice as a weight, with a masonite 

diso of the preci^are measurement abovp it. ^An eyebptt is secured 

in the middle of the weight and disc, to which a 'rope or chain 

is attached. The rope or chain Qhou^d be calibrated in ten 

I 

centimpter intervals beginning at tl'ie* level of the disc by 
marking with paint or hog rings. 



SeccHl Disc 




Figure 1 



J . 



Washer - ^ 




Rope or Chai'a 



^ ^'Eyebolt (V) 



;_ Nut 

Disc (Masonite) ■ 

Weight (Approx. 2 Kg.) 

' - - Nut 



.Figure 2' 
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C. VELOCITY . * 

. - - The stream's velocity should be measured at each sampling 
r , Site as this .measurement influences factprs such as dissolved 

oxygen and carbon dioxide cohcentrations. If a ^ross sectional 
* * . ■ 

profile is also made, tT»e volume rate of flow of the stream carf 

r • ■ . 

be calculated . • . < . * 

The accepted method' is to floqt an orange, or-any- other- — 
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object which Has a density* slightly less tha'n water; In the 
stream and measure the travel time between two points and is 
recorded as meters/second. The abject used must be nearly • 
submerged in the stream so the wind does not affect the motion. 
Also, the object must be free floating with the streafn. This 
test may be difficult to conduct ih the winter. 

To make the distance measurement as accurate as possible, ' 
pairs of stakes on .parallel lines should be set up on the bank 
as shown in figures 3 and 4. Two obserVfers can then measure 
the time it takes for the object to float the distance "d." 
The orange should be plAced at a position somewhat .upstream • 
from the fir^t observer's line so the 'orange will reach the 
rate of. flow of the stream by the t Ime it passes the first 
observer. Also, the orange should be placed in that part of 
the stream where the rate of flow seems greatest. 

Care should be taken to be sure the orange moves-.nearly 
perpendicular. to the two j)arallel sight lines. It m^y be 
necessary to try the experiment at several locations along the 
stream in order to get the orange to follow a perpendicular 

• * 

-J I- 
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path* The experimenter 'should alM, try to obtain his data In 



a location shielded froa the %rlnd« 





Depth 

The depth of the sampling site should also be found. ^ This 
inay be obtained by us^ng the Secchl disc. Lover the disc Into 
the water until the rope becomes slack. Pull up on the rope 
until It becomes taut, mark the rope atf the^water surface, and 
measure the depth. 



Flow . ~ ~^ 

Because the volume of flow Is difficult to measure with- 
out elaborate equipment, rate the flow as: 

. r 

\ ' ' I) Flood * , 

2) Bank 'Full ^ ^ * 

3) * Average ^ 

4) Low 

5) Very Low ^ ^ 



II. CHEMICAL PARAMETERS 

The chemical parameters are unique for each ^environment . ' 
Numerous tests^can be used to determine the concentrations of 
the substance to be measured^ Most of these testa, are asso-^ 
elated with two basic laboratory techniques, titration and 
colojrimetry. Field kits have been developed using these tech- 
niques in simple, easy, to use forms. With the use of *these 
types of ;^kits, the following chemicar partoeters were selected 
for study: alkalinity, dissolved oxygen, ammonia, nitrajte, 
and phospate. The dissolved oxygen test must be done in the 
field where the sample ts^sft^. The remainder of these tests 
can also be doqe in the fi^d but may be done on samples 
* brought back to the laboratory The results ofvthese tests 
are normally expressed in ^Pj9^(s per million (ppta^. Two. common 
conversions needed are one part per milliod is equal to one 
milligram per liter U ppm « 1 mg/1) and one grain per gallon' 
^ equals 17. I parts per million (1 gpg » 17.1 ppm). The kits" 
listed are -produced by the Hach Chem^ical Company an^' are 
available from lowa-ASSIST (USE), U^versity of lowa^ 

' -f* . .. .. 

A. Alkalinity test . , ' ' \ 

"•V 

Alkalinity is ^related to the )>uffering systems dn waters 

- * > . 

Buffers are systems that tend to moderate changes in pH. 
Alkalinity refers to the capability of water to neutralize 
acids^and stabilize the pH of the water.^ Conditions found in 
natural Waters involve a complex of the carbon dioxide-carboiiate 
bicarbonate system. Alkalinity most commonly occurs whefn 
carbonates, bicarbonates and hydroxides of calcium, magnesium, 
and sodium metal^s are present . ^ ^ 

The levels and types of alkalinity depend directly on the 
source of the water. Natural Surface and. well waters usually 
■ contain less alkalinity than sewage or wastewater samples.. 
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High leveas of alkalinity may indicate that atrongly alkaline 
industrial waste i-s present. I Arlkalinity in natural unpolluted 
watet ranges from 50-300 ppm. '-In nutrient-trich bodies of 
water, sewage lagoons, , etc ^, it may range as high as 500 ppm.. 

Hach Model AL-36B Test Kit or Hach Alk^inity Test Kit 
Model AL-AP may be used *f pr this"' test. Model AL-AP is for 
alkalinity only and is the same test that is contained in the 
larger Model AL-36B Test Kit. . The 'result of this test is 
given in grains per gallon as calcium carbonate. 

DISS OLVED OXYGEN TEST - • ^ " , 

Dissolved oxygen (D.O.) in watfer is a result of two 
processes. D.O. occurs in water as a result of green plants 
carrying on ^^osynthesis a1nd from diffusion frotos^he alr^ 

The concentration of D.O. in water will be limiteH^by 
temperature and light. As the temperature of the water in- 
creases-, iHe solubility of oxygen decreases; therefore, warm 
water contains less oxygen.' Another limiting factor will be 
the depth of the water. D.O. is in lesser toncentration the 
further from the surface. - 

D.O. concentration ^laximutos are 15 ppm. in fresh vater^. 
Most fish can exist in D-0. concentrations as low as 4 ppm and 
can exist comfortably at a 6-8 ppm concentration. Other aquat^ 
ic life^may exist comfortably at much lower concentrations. 
D.O. tests -may b^ done by means of a surface sample in 



shallow water. In depths of J.meters or more a bottom sample* 



Should be taken to detenniWe the variati<Jn in D.o; content. In 



taking a D.O. saitaple it t?\very important > that the atmospheric $. 

* ' '* \ ' * ^ 

oxygen has a minimum surface area c(intact with the , water sample. 
If bubbling occurs while sampling, additional oxygen will dis- 
solve and not provide an accurate test. Inlthis case, the sample 
should be discarded and a hew sample collectteiff^ A surface D.O. ' i 
sampler is illustrated iri. flgiirk 5. 'Figure i illustrates a "home- 
made" device for collecting.watdr samples below the surface'. 



Air Exit 
Tube 

I 



Bott)^^ 




Two-Holed 
Rubber. Stopper 



Water Intake^ 
* Tube 



^Figure 5 



s ' 



Handle Cord — 



Rubber ^ 
Stopper 

Thistle Tube- 

Pine Top = 



stopper Cord 

r 



Cylindrical 
Region of 
the Jar 




4" Glass Tube 



- Wire* Handle 



Sample Bottle 



.g. Paraffin 



^ e^g. Nails 



-Peanut Jar, li oz. 



- Protective' Rubber 
Cover 



.LA 

Efgure 6 
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Method of collecting the D.O. sample: 

* • 

1« Insert the stopper apparatus Into the sample bottle. 

2^ Hald a- finger over the water Intake tube until the 
bo|:tle Is held vertically at the depth the sample 
Is to be taken. 

3. Remove flngete^ and allow the bottle to fill with 
wat^. . * 

u 

Method of collecting a^D.p: bottom sample: ^ ' 

'1. US(lng the cord attached to the handle of tlje 

sampler, ^ower the sampler to the bottom of jj^our 
water 80urGie\ 

- ■■ ^ , \ '■ • - 

2. Using "the cord attached to the stopper, pull it % 
. from the thistle tube, allow approximat&ly one 
minute and fifteen seconds (or until the bubbles 
stop qoming up) for* the sample bottle to fill. 

. 3. Pull the sampler to the top with the cord, attached 
to the handle, unscrew th^ lld^Q£j;J*e ^sampler and 
, remove the s.ample bottle containing yojjr* water ^ 
sample. 

I ' . . - * 

Commercial kits contalolngiKtie materials tor fixation, • add- 

if Icatlon, and titration, may be purchased with or witihout a Wdter^ 

sampler device. The Hach Kit Model OX-10 containa the sampler 

while' the Model. OX- 2P ir Without the sampler. Both KJ.t Models 

OX-10 and 0X-2P contain all necessary chemicals and glassware* 

for carrying outr the D.0« test. 

'nie fixat^oK^ phase of t-he test should be done Immediately 

by adding powder 'pillows I and II. The addition of powler 

pillow XII and the titration may be completed in the laboratory. 

The completion of the test, titration, should be done within 

forty-five minutes after adding powder pillow III. A fetw drops 



ojE a weak starch solution may be added to give tHe sample* a 
deep. blue color. This will produce a. more definite xolor change 
as you reach the ^endv point. The D.O. concentration is measured 
in parts per million *(ppm)« Care should be ^aken^ to .keep the 
PAO'kri the dark ^ince^PAO breaks down vhen exposed to' sunlight. 
\ ^ ' • — 

PHOSPHATE TEST ' " ^ 

Phosphates though essential for the growth of all 

living things, wijtl upset aquatic environments if present; in' 
excess amounts., Ajgficultural^ domestic » and Indus t rial ^ was te§ 
Increase the phosphate concentratioi) resulting in an algal bloop 
which' is not only a nuisance to .re^reat^lon» but eventually 
causes a decrease in the dissolved bxygen content « With oxygen 
no longer available to other organisms* the local biotic commu- 
nity is upset* ^ ' ' ' • , 

jPhospjhate content ranges from 0.01 to 0*05 ppm. most 
natural waters. ' Waste water can have-^range of 5 to 30 ppm. 

The Hach Phosphate Test Cube Kit contains r powder pillfjw 



reagent and a cube with color iBtat&ards attached. MeasureMnts 
are made. by comparing tht color of the sample ^after the reagent 
is added to the' dt.andard color cubes (colorlmetric) . The range 
is from 1 to 5 ppm' and is calibrated to the nearest ppm* ^The 
5 ml sample test takes flv<e^ minutes. The test is qulclc» simple » 
inexpensive » and ^ can be performed in the "^f ield^ Inconsistencies 
in 'this test can be caused by large )|mounts of turbidity. Also^ 
arse^'te and hydrogen sulfide will interfere with the test. . 
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Greater.' precision can be obtained with other commeircial te&t 
kitSy but with considerably more expense. 

'NITRATg-NITROGEN TEST ' • ' 

Nitrates (NO ) are often found "in water. Sourc^^f the^e 

nitrates may be manrmade fertilizers, biological wastes, «or 

atmospheric nitrogen ^hat has been converted to nitr^es by** 

lightning or fixec^by bacteria^lon legume plants* 

Large i^DOunts of nitrates i& water supplleis c^nxause methe- \ 

moglobinemia (blue babies)!^ A limit of 10 ppm nitrate (N) has 

> ^ ♦ 
(1) « 

been set for public water supplies* A 10 ppm nitrate (N) is 
equivalent^ to 45 ppm nitrate (NO^ ) • * 

the small Hach Nitrate Test -.Cube Kit jgtyeal^qiikck colorimetric 

results. It should give readings within 5 ppm to it) ppm depen^ng* 

\ " : *' 

upon the ability to compare the colored sample, the Model Nl-14/ 

Nitrate Test kit~ gives readings using a color diQc marked for 

each ppm which should allow reading it tt> the nearest 3 to 5 ppm, 

again, depending upon the ability to compare ^co^lor. More accurate^ 

readings may be obtained using the Hach DR-EIf Colorimeter. ^ 

AMMONIA NITROGEN TEST 

Ammoj^a (NH^) is a natural chemical decomposition product of 
plant and ania^al prqtein decay. It is commonly used in commercial . 
fertilizers and is -a recyclable substance that cdn be used to 
directly, produce plant protein. 

The presence of ammonia nitrogen in raw surface water usually* 
indicates domestic pollution. However, ground .waters often contain 




ammonia nitrogen due- to natmral microbial reduction t>roce8se8* 
A presenbe of ammonia nitrogen of '0.5 ppm Is considered the 
^maximum tolerable limit with le^s than 0.01 ppm as being deslr 
able (National Technical Advisory Committee on Water Criteria 

4 

to the Secretary of Interjior, 1^68)-. 



0 




Nitrogen Cycle 
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Testing for Ammonia Nitrogen 

Testing. for, dmall quantities of ammonia nitrogen In water 
sampJLes can be easily acl^leived by using the Hach Ammonia Nltro- 
"*V,gen Testf Kit . ^Utilizing the Nesslerlzatlon Method, the tes't 

N measures ^rom 0.5 to 2,5 #pm of ammonium nitrogen. Ammonia (NH^) 

' I ' . ' ' ' 

Upm can be determined by multiplying results by a factor of 1:21 

and multiplying by 1.29 g|lves the ammonium Ion (NH. ) ppm, 

^ ' ! • • • V » ~ 

The Hach Cube Kit fpr the ammonia nitrogen test Is a poqket- 
sl2;^d plastic case containing' Nessler*d Reagent Iq a dispensing 
bottle, a test tube-color comparison cube condblnatlon, and simple 
directions; 

^ Special conditions and considerations affecting the test 
include; * ' ^ 

1, Temperatj^res abo^e and belbv 20^C, Temperatures 
above 20 C. give high results, those below give 
low results. ' * - 

2. Water hardness greater than 100 ppm (6 grains). 
Hardness can be reduced by adding one drop of^ 
Rochelle Salt Reagent, 

- « 3, If Nessler*s Reagent becomes brown, discard; however, 
a' slight precipitate is normal. For preparation of 
large quantities or fresh solutions of NessJLer^ 

Reag.ent a- potassiuh iodide, mercury II chloride^ 

and sodium hydroxide solution*-"-con8ult the Special 
Solutions and Reagents section of the CRC Handbook 
of Chemistry and Physics, - 
« • 

4, If iron, sulfide, and industrial organic contaminants 
interfere by causing turbidity, the sample may have 
to be distilled. 
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III. • BIOLOGICAL PARAMETERS ' 

. n : 

' ■ ' V •, 

Dlveralty Index . ^ 

The diversity index is a measiite of the vartet^^'^of species 

^ ' j / 
and their abundance in fi particular habitat. Generally^ habi^ 

tats vith considerable variation in environmental conditions 

I * *- * ' ^• 

and/or with unfavorable conditions; for living organisms support 

a community lo\ in numbers of s^ecjlesr with high populations' per . 

species. Where* the environment .has^-zle^s variation and where 

conditions are ideal, there is lUtely to be a larger pumber of 

species but with low populations per species* The diversity 



index thus gives an indication of 



the stability and quality of 



the sampling sitk although cause and effect relationships be- 
tween diversity and^ stability .are! obschire. . 

Simpson's diversity index (DI) for .a habitat Is obtained 
by dividing the square of the total number of organisms counted, 
^by the sum of the square of numbers of organisms in each species*' 

"Where N « t6tal number 

^ 2 v^of organisms counCc^d 

, ^ DI - —V ? 

^(n ) and n-^ ntjabet of indi- 

\ ' viduals per species* . 

Counting a^, large number of Individuals will provide a closer 

• 

V i 

apiJroxlmation of the diversity present • 



*for statistical example, see page 32. 

For specific reference regarding the DI, see Kaill & Prey, 1973. 
or Wilhm & Dprris, 1968 • . 
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The diversity fndex in an aquatic^environment varies from 1', 
when, only one specifes is pi^esent^.to 3-A or more in extremely 



species rich habitats* 



\ 




SAMPLING A BENTHI C X(»tiUN: 

Benthos tefe^A^EP'^^Oi^ ®^ the aquatic envitonmexlt • A 

Ijenthic organism' 6<?cupieS' the . bottom of such an envlroijment » ^ 

/^^The detenulnajclon -of analysis of community structure of ben- 
tlti'K vd'i^g^niaifiis is on^ of the best i^e^asures, at present, gt the 
*long teirtn effects of change in an aquatic environment. The diver- 
sity index ts the most appropriate paraiiietef!vto ;xxae in analyzing 
the structurfe^ of a commurtlty* - ^ v*. ^ 

- - . 

* Once the sitfe feas been determined, an apparatus must be used 
to secure the beiftrhlc s^atnple. Commercial apparatus such as the 

, Elanan dredge or the Surber sampler are coimnonly used, however, 
due to the cost it may be prohibitive for some schools. An Inex- 
pensive sampler^taay be easily constructed from readily available j 
materlal&f Illustrations of ^ three **"homemade" samplers are shown 
in figures '7, 'S, and 9. v. 




#1 Coffee. Can 
4 

Hinge • 



"1 

O Figure 7 



CD 



n 



Bolted, Nailed, or 
Screwed to Can 



Broom Stick, etc 




Cut Metal Away. 



I 

No. 10 Can 




Z^L Eye bolt 



Figure 8 




The sampling technique may vary slightly according to the 
sampler used,, but should be consistent for^ach sampling site. 



Materials Needed for Field Sampling 

Bottom sampler * 
Collecting jars (i.e. baby/ food jars) 
White, flat pan 

Forqeps i , * ^ 

Sieves (10 mesh and 30 mesh) 
, Five-gallon plastic palls (2) 



Materials Needed for Labormtpry 
Eye droppers 

Shallow dishes (Petri dish) 
Sugar solution (275 g/1) 
» Dissect ing^cope 
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Field Stapling Steps 

1. Lover sampler Into water and secure the sample, .^^^ 

2. Pull the sample to the surface but not hove the surface * 
of the water. The transfer bucket should be tipped side*- 
ways toward the sampler and at the same time the* sampler . 
sliould be lifted' into the bucket. Empty the entire sample 
into the- bucket . _ 

t * . -* 

3. To dilute, pour water from the^stream Into ^he bucket with 
the sample. 

4. Whirl the sample while pouring through the sieve held at 
•the water surface. Do not* pour sand, gravel, or small 
stones into the sieve. Check the sieves after each dilu- 
tion for' organisms. Reinove with forceps and place in a / 
collecting jar. Dump the remaining debris from sieves 
into the white, flat pan. 

5. Repeat steps 3 and '4 until diluted water is almost clear. 

6. Dump remaining sand, gravel, or small stones from the bucket 
into the pan. Clean sieves by pouring Water back* through 
the niesh into the pan. Return to the laboratory for obser- 
vation. 



Laboratory Observation . • 

1. Add sugar solution to the white pan until the sample is 
covered by a one half' Inch of solution. 

2. The organisms will float to the surface. Remove* with 
forceps and, eye <lroppers to shallow, dishes (petfi dishes) 
for further examination. 

3. After visible organisod- have been rempve*, slir the mixture., 
.and repeat step 2. This should be\repeated at least six . 

times^^*' : ^ ' J ' 

4. ' Using a^diss.ectlng scope, separate ,^ count, and record the 

different kinds of organisms in the shallow dishes and 
field site collecting jars. It is not necessary to classify 
the organisms. Specimens may be preserved for continuing 
study. , 

5/ Using the diveirsity index formula given on page 23, compute 
the diversity index for the .sample/ 
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Discussion ' % 

Most benthlc studies Involve area measurements (I.e. Individ- 
uals/squ^re. meter) • This st?^dy Involves volume sampling. Coii- 
slsteqat satbpllng technique should give reliable <^Verslty Indices. 
The £alXo)^i^ data compares the^Ekman dredge to the sampler In 
figure 9. • ^ 

Diversity Index 

^ Sample 1 Sample 2 Sample 3 

Ekman dredge . 3.27* 2.71 1.89 

Sampler (fig. 9) , — 2.83 1.69 - . 

Trial sampling suggests a close relationship between results 
obtained using commercial dredges and ^'homemade" apparatus. ^ The 
field trials with "homemade" apparatus samples volume rather than 
area. A standard volume (approximately A75cc or a 1 lb. coffee 
can> should be established to Insure sampling uniformity. 

The following ^suggestions may facilitate the collecting and 
analyzing of the benthlc community. When using sampler (fig. 9), 
grasp and hold rope tightly' when bringing the sampler to the sur- 
faceV Whirling the bucket (field step #4) is Important to keep , 
silt and organisms in- suspension: Field testing suggests the ^ 
use of two sieves with the top sieve (10 mesh) and the bottom 
sieve (30 mesh) agitated in the water to help move the silt through, 
the ipeh and speed the screening* The end point (field steg/IS) 
may be difficult to reach in a muddy streanj. Dissolve (lab step #1) 
275 grams of ' sugar in one liter of hot water. Lab .step #3 should 
be repeated until no organisms are visible after sevefral mixings. 




Taxonomic determinations (lab step #4) df benthic organisms are 



not necessary 



or species diversity (DI) analysis. However, 
this might be used apl-^pplement^ry activity. The specimens 
can be preserved* in 4Z formalin solution-. 

I ^' • • * 

<• J ^ ' • 

Equipment Costs (Approximate) 



Ekman dredge 
Sieve set 
Surber dredge 
• Sampler (figure 7) 
Sampler. (figure 8) 
Sampler (figure 9) 
White enamel pan 
Five-gallon plastic pail 



$50.,-" $270- 
$10 - $15 / 1 
$85+ 
$2 

Free materials 
$4 . 

Free (contact custodian)" 



Remaining materials are usually found in\mpst laboratories. 

The following references are good for benthic studies: 
(1) Kaill and Trey, 1973. _ ' 

.(2) Needham and Needham, 1970. - 
(10) Pennak, 1953. 

J.I 

(3) Reid, 1967. . , 

.(12) Ward and. Whipple, 1959^ ' 
(13>. Wilhm'and Dorrts, 1968. 
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PUNRTON COMMUNITIES ' ^ ^ 

^ Plankton are found In all aquatic ecosy/tems except for 
fast moving rivers. Plankton are microscopic plants' and 
animals whose powers of self -locomotion are so limited that 
they cannot overcome' currents,, Th^ir distribution, therefore, 
is controlled largely by the currents in their ecosystems^ 
Most can move a bit, however, either to control their vertical 
distribution or to «eize prey, . 

The planktonic community responds quickly to changes in 
environmental conditions. Usually changes which stress the* 
plankton decrease the diversity index by eliminating certain 
'Species, lowering the populations of others, and favoring a 
few species whose population-T-increase greatly. Therefore, the 
diversity index is a jv'aluable 'tool in assessing water quality. 

^^ oPhytoplankton (plant plankton) - . * - , 

"Phytoplaqkton are microscopic plants that are the main 

J producers in" most aquatic ecosystems, 

* *■ 

^/ Matoms (Golderr^Algae) are minute, singler-i^elled • 

organisms which haVe,jCell walls made of silica. 

* * Brown and yellow pigm^hts ar-e- mor c a bundant- than 
chlorophyll in diatoms, ^^ch cell is composed 
^of two halves that overlap ahd. occurVas single 
cells, in pairs, or in colonies , ^fey jnay^-W free- 
floating or attached to rocks and aqfbatic plants. 

Blue-green Algae are very simple and lack a^^iucleus. 
The chlorophyll. Is not concentrated, in chloropla^ts 
as it is in- higher plants. Certain njembers of this -"'-^ 
group are ofteti responsible- for tt^e. so-called "algal* ' 
blooms'* in nutrient -rich waters-* — Th e y m ay-give the > ^ 
. / water an appearance of pea soup and produce^ unpleas- 
ant smell and taste,- When the algae die,' the oxygen 
depletiorv resulting, fro m b a cterial , growth m ay^ kdll 
.fish and further upset the ecosystem, 
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Green Algae have organized nuclei and their chloro- 
phyll is confined to chlciroplasts. They occur as 
^single cells or in cblontes . Chlorella or Spirogyra 
are representatives of Greeh^A gae that respond well 
In nutrient-rich water* Two f agellateSt- Euglena 
^d Chlamydomonas are very common^ in bodies of water 
that are rich in organic matter.. . . ^ 

* » 

.Zo opla 'nkton (an imal plankton) • 

— ^ — r: . 

Zooplankton are microscopic anl liear microscopic animals 
that play key roles in most aquatic foocf chains. Some feed on 
dead organic matter while o^thers feed on algae, bacteria,- ^nd 

• Si 

on smaller zooplankton* ^Zooplankton, in turn, become food for 
higher order consumers such as mayfly nymphs and caddisfly 
larvae. . 

Protozoans are microscopic, single-celled organisms that 
are by^ far the most abundant zooplankton in water. Loco- 
motion is by means of flagella^ cilia, or pseudopodia. ' 

Rotifers are multicellular sm&ll unsepnented animals 
otten mistaken for sing^e-xelled organists . Hany 
species have cilia that appear to/rotate like wheels . 
* • to sweep food into their mouths. They feed on proto- 
zoa and algae and are , a major part of the zooplankton. 

Crustaceans are arthropods and generally larger than 
* * rotifers. Some crustaceans eat rotifers.; others eat 
algae, bacteria, and protozoans;* still others feed 
on^dead organic matter. MoSt require fairly l^igh 
oxygen co.ncentrations. VDaphnla (water fle^) is the 
most common member of a group of crus^taceans called^ ' 
Cladocerans. Cypridbpsis is a common member of a 
group 'of crustaceans called Ostracods or seed shrimp. 
These are found just above* the bottom of ponds where 
they feed on bacteria and algae. They can tolerate 
fairly low D»0. levels. The final group of crjustaceans- 
Is the Copepods. .Cy:clops , a <:ommon copepod, may indi-' 
cate water rich in nutrients Lf it is present in 
unusually high numbers. 




Laboratory Technique 



Materials . Needed ; • 

Plankton net with collecting bottle 

Plastic pail or suitable container with 4 liter mark 

Erlenmeyer flask (250 ML) with cork or a baby food jar and lid 

Standard eyedroppers* (2) * * ^ 

Slides and coverslips (5) 

Compound Microscope 

4% Formalin Preservative (with 5 drops glycerine/50 ml solution added) 
Resource books and keys 

Procedure : 

1. At the collection site using the plastic .pall, collect a 
sample of water being careful not to disturb the bottom of 
the* pond or stream. Pour the contents of the pail through 
the plankton net to filter out plankton into . the. collecting 
bottle. If th'e water is deep er\ough, the plankton net may 
be repeatedly tossed out into the stream and retrieved or , 
towed behind a boat until sufficient plankton has been 
collected. Next> pour the contents of this bottle into the 
jElask or baby food jar to be transported back to »the, labora- 
tory • • 

2. In th^ laboratory, us^ing an eyedropper, place qn each of five 
slides 1 drop of the sample collected. With another droppfer 
also place on each of the same 'five slides 1 drop of the 
Formalin- preservative Place a.covership on each of the five 
slides. - ' , ^ , * 

3. Adjust the compound microscope for total magnification of 
lOOX (lOX eyepiec.d and .lOX ofejective)- Place the slide 

on the stage of the microjs'cope and, count tfae^nSffiber of each 
type of organism seen In a randomly pickea field of 'View, 
Record the results and repeat this same procedure witH the 
remaining four Glides, Using the suamation of these five 
slide views, the diversity index can then be calculated. 
Higher magnification could be used with high populations in 
tbe sample. 



Notes on Plankton Sampling ^ 

The Tollowing example can be used as a guide for the procedure 
described. 



SLIDE # 1 



A total of 3A- organisms were found that belonged 
to five different types. They yere: ' ^• 



TOTAL ORGANISMS - 34 



or (34)^ 



nse D.I* « 1.55 



ON SLIDE # 2 



^3 of type "X" 

1 of type "Y" 

2 ofneype "A" 
27 of.ty^e "B" 
_l of type "C" 

A total of 20 'organisms- of five liypes were found. ^ 



£n^- 744 



2 of type "X" 
1 of type "Y" 
1 oi type "A" 
15 of type "B" 
J|,pf type "D" 
20 



TOTAL ORGANISMS - 20^^ 
N^ or (20)^*"- 400 



t).I. - 1.72 



-232 



ON SLIDE # 3 



A total of 31 organisms of four types were found; 

TOTAL ORGANISMS • Z'C 



r of type "X" 
2 of* type "Y" 
2 of type "A" 

2& of type "B" 

31 



N^ or (31)^ - 96J 'D.I. 



1.40 



685 



ON SLIDE #"4 A total of .22 organisms of four types were found. 



2 of type "X" 
'1 of type "Y" 
2 of type "A" 

j2 of type "B" 

22 



TOTAL ORGANISMS - 22 ' 

N^ or (22)^ - 484 D.I. 



- 1.62 



Cn . -.298 

ON SLIDE # 5 total. Of 22 organisms of .five types were found. 

\ . 3 of type "X". TOTAL ORGANISMS - 22 



3 of type "x". 
Lof type "Y" 
2 of type "A" 
15 of type "B" 
J. of type "C" 
.22 



\ 



N^ or (22)^ 



484 
240 



2.01 



' 8.3 



t D.I. - 5 f87T - 1.66 . 



An average for the five slides would be arrived at by adding the 
five diversity .'indices for a total of 8.3 and 'then dividing by 5 to 
get a fin^l answer of 1.66 for the diversity index. 
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Dlicuitlon on the Plankton Net Used 

Although plankton nets are commercially available, the , 
materials to tronstruct a satlsfactpry one are inexpensive and 
the construction fairly easy. The cloth used^is frop a cottoiji 
bed-sheet or pillow case* The dimensions and pattern^ are shown 
.below: - - . " . 




' The narrowest opening should h^ve* a one-half inch hem sewn 
^along its edge. A one-quarter inch seam is sewn along the edge 
of the cloth to connect the two longest aides- forming a cone or 
funnel of cloth. A two inch casing is then sewn along .tHe widest 
opening leaving a place 4^ insert the wire. Turn the .cloth inside 
put. The wire used is st^Bl clothesline wire, to prevent rusting, 
that has been formed into a roop that is approximately ten inches 
in diameter. This, when inserted into the cloth casing, will be 
compressed into a circle of approximately eight and one-i-half inches 
and will provide pressure to. keep the large end .of the net open 
and will*also act as a place for attachment of chains if the;«et 
is to be drawn through the water. A. small link' chain can^^e y • 
. attached to the wire {it three ppints that are 120 degrees from 
each other. The chain used may be of the typer that is used for 
hanging flower pots. To keep the chain from tangling and twisting,* 
a fairly large fishing swivel can be attached to the free ends of 
the three chaims followed by a small nylon rope of whatever length 
one desires. ^ - r 

On the end with the narrow opening, a .bottle will be attached. 

The bottle used Is a Duraglass medicine bottle of 80cc volume. 
• The cap should have its top drilled out «o. that the 'opening Is the 
^ same size as the inside -diameter of the cap being <^reful not to 

damage the threads.^ The cap should just fit, inside of the narrow 

opening of the net and is permanently attached with a heater hose 

clamp of the type used on cars. 

A fairly satisfactory net for larger plankton can be made - 
by attaching the upper part of a lady^s stocking to a hoop- o^f 
proper size. Then qut off tho^ foot and tie or attach to a«*ottie 
) as previously desfcrlbed. . , 
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The following references are good for planktonlc studies: 

(6) Anidrews and Moore, 1972- y 

(7) Eddy and Hodson, lr967. ^ * 
^ (2) Needhan and'Needham, 1970). 

(10) Pennalc,. 1^53. - * > 
(3) Reld, 1967). * \ " 

(11) . Stoker, 1972). 




J 
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A Few Thoughts Concerning Public^ Reflations 

. Peoi>le walking along river banks and Into rivers with 
fl^sks^, nets, and other .equipment attract a certain amount of^ 
attention* Wh^n the community discovers that Water quality is 
,one of the topics of study, many questions^ are asked. How'dirty 
is the river? Who is polluting the river and what are you going 
tp do -aboux it? When questions such as these ''are a8ked«*of pro- 
Je'ct participants, both students and teachers, it bepomes impor- 
tant to explain that the proje<jt is not related to stuciles run 
by agencies such as the Department of Envilronmental Quality (DEQ) 
or the Environmental l^rotection Agency (EPA). The project centers 
on the techniques of quality measurement and how thesje relate to 
ecological princj.ples rather than to the development of a compre-. 
hensive study on the ha^e of which recommendations :.f or environ- 
mental control mi^ht be made. t* * 
For example, during the project students may notice a sharp 

increase in the nitrate level at a particular testing site. ^ This 
« 

increase could, if it persists for a significant interval of time, 
♦ 

cause an increase in the algal and bacterial population* and a 
decrease in the fish population, indicating a higher leyel' of 
pollution. However, the ^opportunity for teacher-student scljantific 
investigation and the study o^the interrelatifi^^shipsjbetween the 
.parameters investigated are central to the project with the actual 
pollution levels as" obtained in the^prpject sgrvthg as"^ interesting 
aviireness knducitig sidelights. ' ^ ' - , , 
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1. Kalll, Michael W, and Frey, John K- Environments in Profile ; 

An Aquatic Perspective ^ Canf ield Press, San Francisco, 
California;. 1973-| 

•TW^book p^rovides a basic ecological background. In 
^dditio^, it discusses the significance and measurement 
of various aquatic parameters. An analytic approach is 
described using an environmental profile. 

2j. Needham, James G. and Needham, Paul A Guide to the Study of 
Fresh-water Biology , Holden-Day, Inc, San Francisco, 
California, 1970, 

This small, •well-illustrated paperback will facilitate 
. ^he recognition of fresh-water organisms both in the 
' • field and laboratory. Considerable attention is provided 
in identifying algae, invertebrates, and fishes. Also, 
methods of sampling and analyzing aquatic organisms and 
their environments is included. 

3> Reid, George K, Pond Life , A Golden Nature Guide* Golden Press, 

' \ ^Western Publishing Co,, Racine; Wisconsin, 1967,^- 

•i * 

This small inexpensive paperback illustrates quite ;well 
the more abundant aquatic organisms. s 

The additional selected bibliography may prove to be useful for both 
teacljer and' students. 0 - 
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Chemical Company, P.O, Box 907 J Ames, lA 50010., 
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■ ^FORMATION FOR PURCHASI-NG WATER ANALYSIS KITS ,^ 

lowa-ASSJST KUSE) can provide schools the five watet test . • Of 
kits at a substantial saving ($10t*50) ;to individual schools. 
The tesC kits used in the Local Ecology Project are as follows: 

E)issol>ftd Oxygen (Model 0Xt2P) 

Features ' . ' ^ 

Readout: 1 drop « 1 mg/1 as dissolved oxygen 
Method of Analysis: Titrimetric,^ drop count titration 
No. of Average^^ests: iOO ^ 
* Case: 7^$ x 5 x 5 inches, black styrene plastic > 
Shipping Weight: 3 lbs ^ 

Order Cat. No. 14*S-00 . . . . / ^7.00, 

Alkalinity (Model AC-AP) , * ' . * 

Features • " * . 

•Readout: 1 drop « O.A.gpg or 1 gpg alkalinity as . 

calcium carbonate 
Method of Analysis:,^ Titrimetric, drop* count titration 
No. of Average Tests: 50 ^ ' 
Order Cat. No. 1A33-00 8.50 

Nitrate " * 

Features - ^ 

Method of JVnalysis: Colorimetric, using test cube 
No. of' Tests per Kit: 50 . . 
Case:' 3 3/A x 2 7/8-x F 3/8 inches, black plastic 

Shipping Weight: 6 oz ' ^ ^ , J 

Order Cat* ^No. lA037-bO. 5^00 

Phosphate ' * ^ ' * ' ' 

Feati>^e s . , . 



Method of Analysis: Colorimetric T using tept cube 
No. off Tests' per Kit: 50 ^*|: ' 

• ^ Case: 3 3/4x27/8x1 3/8 ^nches, black plfl(stlfe< 

. . Shipping Weight: • 6 oz* ' ' 

, . Order Cat. No. 12522-09. .......... 5,.00 . 

Angponia Nitrogen i^^^ * . 

Features ' ' : ' 

I Method of Analysis: Colorimetric, using test cube* 

^ No. of Tests Kit: IOO* ^ . * • 

Case: 3^3/A x 2<7/8 x 1 3/8 inches,^ black ^astic 
Shipping Weight: 6 oz ^ ^ ' 

Order Cat. ^ No. 12524-00 T. . . . \ 5.00 ^ 

*Note ^ir (5) of the above kits can be purchased for a total of $^0»00* 

> Purchase, Orders should be made out to: . - 

Fowa-US£ 

^ ' 356 Physics Building ^ . . ^ 

University of lowai * • . 

Iowa City, Ia 522A2 ^ . «^ ' . 

. ^ • • ^ -38- ^ . ' ' . . 
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DATA REPORT FORM 



School: c Reporter (s); 

^ Computer Data 

School Dlsttlct Number (obtain from administration):. 

Area Education Agency Number:, 

School Dlstfrlct Name:_ t 

Sampling Date:_;^ » I Time: 



A.M. 



Water System ^(l.e. Iowa River, ClearlLake; Jone's Gravel Pit) 



Sampling Slt-e Number: 
Lpcatlon : ' 



(County Name) 



(Township Name) 



Township No. 



Range No. 



Section No. 



Quarter 



\. Chemical Parameters 

1. AlJ^llnlty. • 1. 

, 2..Dj!s8olved Oxygen (surface) 

3. Dissolved Oxygen (benthlc) _j 

4. Anmonlum (surface) - . • 

5. Nitrate (NOj) (surface) . 

f 6.. Phosphate (PO4) (surface)'. . . . ^ 

II., Physical Parameters 

1 . Temperature (air) . 

8. .Tempera tjure (water-surfaqe) . . . 

9. Temperature (water-benthlc) . \ . . 

10. Trans^par^ncy (Secchl disc) . . . . . 

; .11. Velocity, . • 

12. Deijth'. \' , 

13. 'Flow level (check one) t . i. 

* ' * 

^ \ ■' 
• i * * 

. ~ 

IIi; Biological Paramieters " 

141 Diversity Index (benthlc) . . . 

15, Diversity Index .(plankton).* . . • . 

fe*, * * ** * ** ******* * 

Descriptive Narrative of .Sample Site: . 
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EMVIRONMEHTAL PROFILE: 
(Modified from Kaill & Frey, 1971)' 
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Values of environmental conditions increase from left to right, 
with the exception of aecchi- transparency, and the diversity 
indices, which increases from right to left. Generally, steril 
environments will register toward the left end of the 'diagram 
(Oligatrophlc Environment) . Richer environments ^wiljl register 
toward the right end of the diagram. As the profile moves feo 
the right, the range of values for a given factor (width of 
profile) should Increase. Also, the profiles may become Jagged 
in appearance. A "spike," or a particular factor that departs 
radically from the other values of the column is worth investi-*. 
gation (Eutrophic Environment). Aprofile can be assembled from 
data over a period of time, so that departures from the assem- 
bled profile, representing environmental shifts, may be deter- 
mined and investigated, - ' - 



